Context. Three very massive clusters are known to reside in the Galactic Center region, the Arches cluster, the Quintuplet cluster and the Central Parsec cluster, each of them being rich in young hot stars. With new infrared instruments this region is no longer obscured to the observer. Aims. For understanding these very massive clusters, it is essential to know their stellar inventory. We provide comprehensive spectroscopic data for the stellar population of the Quintuplet cluster that will form the basis of subsequent spectral analyses. Methods. Spectroscopic observations of the Quintuplet cluster have been obtained with the Integral Field Spectrograph SINFONI-SPIFFI at the ESO-VLT. The inner part of the Quintuplet cluster was covered by 22 slightly overlapping fields, each of them of 8 ′′ × 8 ′′ in size. The spectral range comprises the near-IR K-band from 1.94 to 2.45 µm. The 3D data cubes of the individual fields were flux-calibrated and combined to one contiguous cube, from which the spectra of all detectable point sources were extracted.
Introduction
The Galactic Center has long been hidden from optical observation due to high extinction in the visual. Today the advanced instruments for infrared radiation give access to this region. Three surprisingly young and massive stellar clusters were found within a projected distance of 35 pc from the central black hole: the Arches, the Quintuplet and the Central cluster. These clusters are found to be rich in massive stars (Arches: Blum et al. 2001 , Martins et al. 2008 Quintuplet: Figer et al. 1997 , 1999a ; Galactic Center Cluster: Eckart et al. 2004 ). The prominent constellation of five infrared-bright stars gave reason to name one of the clusters the "Quintuplet cluster" (Okuda et al. 1987 (Okuda et al. , 1989 . It has a projected distance of 30 pc to the Galactic Center, a cluster radius of about 1 pc, and an estimated age of about 4 million years .
First spectroscopic observations of the five "Quintuplet proper" stars (later named Q1, Q2, Q3, Q4 and Q9 by Figer et al. 1999a) showed only a continuum without any features. Some of them have been detected also as far-IR and radio sources . Tuthill et al. (2006) resolved two of the original Quintuplet stars (Q2 and Q3) in space and time as colliding wind binaries, ejecting dust in the shape of a rotating "pinwheel". According to further spectroscopic studies , the cluster contains at least 100 O stars and 16 Wolf-Rayet stars. Two massive, evolved stars in their luminous blue variable (LBV) phase, the "Pistol star" and one further LBV candidate, have been found in the Quintuplet cluster (Geballe et al. 2000) . At least two luminous stars of late spectral type K and M were found in the cluster as well.
The present paper (hereafter the "LHO catalog") provides a comprehensive spectral atlas of K-band spectra from stellar sources in the Quintuplet cluster. These spectra can form the basis for a subsequent analysis of the luminous stellar population, which is a prerequisite for understanding the formation and evolution of this very massive cluster in its special galactic environment.
The paper is structured as follows: Section 2 gives details on the observations and data reduction. Section 3 contains the catalog with position, spectral classification, synthetic K magnitude and radial velocity. The final Sect. 4 summarizes the catalog. The spectral atlas comprising 160 stars is available as Online Material.
Observations

The data
We obtained Service Mode observations with the ESO VLT UT4 (Yepun) telescope between May and July 2006 using the integral field spectrograph SPIFFI of the SINFONI module that is equipped with a Rockwell Hawaii 2RD 2k×2k detector (Eisenhauer et al. 2003 , Bonnet et al. 2004 Fig. 1 ). ABBA cycles were performed with an exposure time of 2 × 5 min on each science field. The grating for the K-band (1.95 -2.45 µm) provides a spectral resolution of R ≈ 4000. Table 1 gives an overview of the observations with their date and the center coordinates of the FoV. In the same mode, standard stars were observed at similar airmass for the flux calibration of the spectra.
Data reduction
The first steps of the data reduction were performed using the SPRED software (Abuter et al. 2006) . Raw-frames are corrected for bad pixels, distortion and flatfield, followed by the wavelength calibration. The slitlets are stacked into a data cube, which then consists of layers of monochromatic images. This reduction process was applied to the science exposures as well as to the standard star observations. Sky subtraction was not performed at this stage of the data reduction, since the sky frames turned out to be contaminated with stellar sources that would create "negative stars" in the reduced data. Therefore sky frames could not be applied. The sharp emission peaks in the extracted spectra, especially of the fainter objects, are due to telluric OH contamination (see Fig. 2 ).
Further data reduction was performed with a self-written IDL cascade consisting of three parts. First the standard star data cubes were sky-subtracted, using for each wavelength layer the monochromatic median of a pre-defined "star free" subarray of the field. Then, the standard star spectra were extracted by adding all pixels within a predefined extraction radius, mimicking a synthetic aperture. Each standard star spectrum was identified with a Kurucz model (Kurucz 1993) , selected accord- ing to the spectral type (between B and G) and scaled to the 2MASS K s -band magnitude (Skrutskie et al. 2006) . The calibration curve, that will be applied later to the science observations, was obtained as the ratio between the model flux and the extracted standard-star spectrum. Rousselot et al. (2000) . The prominent molecular absorption bands are produced by CO. Their identifications are based on Gorlova et al. (2006) and Wallace & Hinkle (1997) Fig. 3 . Image of the collapsed Grand Mosaic Cube. Open circles mark the detected sources with their running number in this "LHO" catalog. Circle radii correspond to the extraction radius for the object spectra.
calibration curve was smoothed out by interpolation between 2.15 and 2.17 µm.
Sky subtraction for the science observations was performed as well with a monochromatic median of a pre-defined "starfree" subarray of each cube. Subsequently, each science observation was flux-calibrated by multiplying the cube wavelength plane with the corresponding value of the calibration curve. Then, all OBs were combined to one mosaic. The nominal telescope pointing turned out to be too imprecise for this purpose. Instead, we generated 2D images for each OB by "collapsing" the data cube to a passband image. These images were then used to determine the mutual spatial offsets between the fields by manually overlaying them on the HST composite image by D. Figer (HST program 7364, STScI-PRC1990-30b) . Applying these offsets, all 22 OB cubes were combined into one Grand Mosaic Cube, averaging the flux for pixels in overlapping regions. The final part of the IDL cascade takes this Grand Mosaic Cube and collapses it to a passband image. Then an automated search for detecting point sources was run on this 2D image. The radius to extract point sources was generally set to 4 pixels. A smaller synthetic aperture was chosen for stars that have close neighbors or are at the borders of the Grand Mosaic Cube. In any case the applied calibration curve was based on standard star spectra extracted with the same aperture. Figure 3 shows the passband image of the Grand Mosaic Cube overlayed with the detected sources and their running number in this "LHO" catalog.
The catalog
Coordinates and identification
In order to derive the coordinates, we superimpose the map of the detected sources (Fig. 3) on the HST image of the field (Fig. 1) . The well determined positions of foreground stars from the USNO-B catalog (Monet et al. 2003 ) are used to construct the mapping between the pixel positions and the celestial coordinates. An overlay image with coordinates is shown in Fig. 4 . Table 3 lists all 160 extracted sources. Column 1 gives the running number in this "LHO" catalog, followed by the coordi- ) who gave "< B0 I" for the alias-named object qF 250.
nates in column 2 and 3. The SIMBAD database was employed to find possible cross-identifications (see column 7). Lang et al. (2005) reported that for their radio sources QR 1, QR 2 and QR 3 no counterparts are found in the near-IR. This led these authors to discuss the possibility that the sources are ultracompact H ii regions with ongoing star formation. We confirm the absence of K-band counterparts for these radio sources in our data.
Spectral classification
Classification of OB stars was performed according to Hanson et al. (1996 Hanson et al. ( , 2005 and Morris et al. (1996) , concentrating on the most prominent lines in the K-band region (H i 2.1661 µm Brγ, He i 2.0587 µm, He ii 2.1891 µm, C iv triplet around 2.0796 µm, N iii/C iii 2.1155 µm) for comparison with their template spectra. Additional He i lines (2.1127/37 µm, 2.1499 µm, 2.1623 µm) were employed to distinguish supergiants from giants. Spectral peculiarities are given in Table 3 in the classical nomenclature and are followed by "?" in uncertain cases such as noisy spectra or blends with atmospheric OH lines. An example of an O star spectrum is shown in Fig. 5 .
Wolf-Rayet stars have been classified following the criteria from Crowther et al. (2006) . For WC stars we measured line equivalent widths and determined the ratio C iv 2.079 µm/C iii 2.108 µm. The ratio He ii (2.189 µm)/Brγ (2.166 µm) was used for the subtype classification of WN stars. A strongly increasing continuum with wavelength was considered to indicate the dominance of warm dust emission, marked with "d" in the spectral classification.
Our sample contains eleven previously known WR stars, four WN and seven WC. Two new WR stars are found in our sample, LHO 76 and 79.
We could not identify LHO 76 with any previously known source. Therefore we claim that this object is a newly discovered WR star in the Quintuplet cluster; its spectral type is WC9d (Fig. 6) . Following the naming scheme of van der Hucht (2001), this star would squeeze in between the known stars WR 102da and WR 102db. A possible scheme to rename this group could be LHO 76 → WR 102db (new), WR 102db (old) → WR 102dc (new), WR 102dc (old) → WR 102dd (new), WR 102dd (old) → WR 102de (new).
The other new WR star -LHO 79 -was already listed by Figer et al. (1999a) as qF 250 but classified as < B0 I. We reclassify this star as spectral type WC9d (see Fig. 7 ). This increases the total number of WR stars in the sample to 13.
All WC stars turned out to be of late subtype, WC8 and WC9. In all cases the WC9 spectra display dust emission, while the two WC8 spectra (LHO 34 and 47) are free of such contamination.
The stellar spectra of LHO 75 and 102 are particularly drowned in dust emission. The diluted stellar lines appear unusually narrow. The identification of the classification line C iii 2.110 µm is questionable and therefore the WC9 subtype is uncertain ("WC9?d") for these two stars.
Late-type stars were classified using the dominating features of the absorption bands caused by the CO first overtone. We find both 12 CO and 13 CO absorption, the later indicating late type (super-)giant stars (Goorvitch 1994 , Wallace & Hinkle 1997 , Kleinmann & Hall 1986 ). Fig. 2 shows LHO 4 as an example of an M star. We then measured the equivalent width of the band-head CO (2-0) to determine the effective temperature
and spectral subtypes of the stars
following González-Fernández et al. (2008) . The integer number G ranges from 0 to 13 representing the subtypes from K0 to M7, e.g. G = 6 gives M0. Derived G values were rounded to the next integer to determine the subtypes as listed in Table 3 . Both relations are only applicable for (super-)giant stars, an assumption that is justified by the presence of the 13 CO band absorption mentioned above, as well as by the synthetic K s magnitudes, see Sect. 3.3. For seven stars the measured equivalent width was so small that the resulting G value was slightly in the negative range. We classify these stars as "K0?" in Table 3 indicating that they might be of earlier spectral subtype.
Photometry
From our flux calibrated spectra we derive synthetic K-band magnitudes. For comparability we choose the K s (K "short") filter of 2MASS which is centered at 2.159 µm, and use the calibration constant from Cohen et al. (2003) for the photometric zero point. Fifteen LHO stars are in common with the sample of Glass et al. (1999) . We compare our derived magnitudes with their values and obtain mean agreement within 0.4 mag. Obtained magnitudes for all catalog objects are listed in Table 3 . The number of stars per magnitudes is shown in Fig. 8 as histogram. The distribution follows a power-law up to K s = 13 mag, which indicates that our catalog is complete to this magnitude.
To determine the approximate luminosity class of our latetype stars we plotted their K s magnitudes versus their determined effective temperature (Fig. 9) . For comparison we take models (Kurucz 1993 ) of G0, K0 and M0 stars of the luminosity classes I and III, with assumed masses of 1.1 M ⊙ , 0.8 M ⊙ and 0.4 M ⊙ , respectively. The model fluxes are scaled for the adopted cluster distance of 8 kpc (Reid 1993) and diminished according to the average extinction of A K = 3.28 mag ). The models are connected in Fig. 9 by solid lines to mark the approximate regions of the corresponding luminosity class. Most of our sample stars scatter around the line for supergiants. Some stars are slightly less bright and therefore are assigned to luminosity class II. A few stars, LHO 6, LHO 7 and LHO 115, seem to be extremely bright, see Fig. 9 .
Cluster membership
For all spectra in the catalog we measured the wavelength of a prominent feature, Br γ for early-type stars and CO (2-0) for late-type stars, and derived the radial velocity for the individual objects ( Fig. 10 and Table 3 ). Heliocentric corrections have been applied to the radial velocities. The measurement errors can be expected to be maximal ±37 km/s from the nominal spectral resolution of the instrument. The results may be more uncertain for some of the more noisy spectra (marked with ":" in Table 3 ).
Assuming that the fifteen bright Quintuplet stars from the QPM list ) are real cluster members, we derive their mean radial velocity RV QPM = 113, with a standard deviation of σ = 17 km/s. This is in good agreement with the 130 km/s found by Figer et al. (1999a) . For a prediction of the internal velocity dispersion of the cluster, we follow Kroupa (2002) . Despite the reported young age, we assume a virialized cluster, a star formation efficiency between 20 and 40 % (Kroupa 2002) , and a stellar mass in the range of 10 3.8−4.2 M ⊙ ). This yields a radial velocity dispersion of 8-18 km/s, which agrees well with the determined standard deviation of the fifteen QPM stars, σ = 17 km/s. Therefore we consider the 3σ interval around RV QPM as a criterion for cluster membership. As Fig. 10 shows, there are a few stars in our sample with smaller radial velocities, primarily of late spectral type. They have to be considered as foreground objects, i.e. K or M dwarfs, and are marked "f" in Table 3 . (Table 3) . Open circles denote stars for which the radial velocity is uncertain or definitely indicates that they are foreground objects. The solid line interpolates between corresponding values from Kurucz models for G0, K0 and M0 stars. The upper line refers to supergiant models (luminosity class I) and the lower line to giants (luminosity class III). 
Summary
We present the first K-band spectral catalog of 160 stellar sources in the central region of the Quintuplet cluster. Integral field spectra were obtained with the SINFONI-SPIFFI on UT4 from May to July 2006. Our catalog comprises flux-calibrated spectra of 98 early-type stars (OB and WR) and 62 late-type stars (K to M) with a spectral resolution of R ≈ 4000. Table 2 lists the number of stars per spectral class. All 160 sources are listed in Table 3 with their LHO number that was assigned to the source in our data reduction and identification processes (column 1), the determined coordinates of the source (columns 2 and 3) and the derived synthetic K s magnitude (column 4). The spectral type is given in column 5. Radial velocities (RV) are given in column 6, together with an assessment if this RV value is indicating a foreground object ("f"). Finally we give a complete list of alias names and cross-identification with previous catalogs and surveys in colum 7. Note that about 100 objects of our list are cataloged here for the first time.
Two new WR stars of WC spectral subtype are found in our sample, LHO 76 and 79, increasing the number ratio WC:WN in the Quintuplet cluster to 10:6 in total (9:4 contained in our field). WC stars are outstandingly frequent and bright in the Quintuplet cluster. For comparison, the WC:WN number ratios from van der Hucht (2006) Among the new stars in our catalog there are a number of late-type supergiants. In case that the red supergiants (RSG) are real cluster members, as supported by their radial velocities, the question of age and coeval evolution of the Quintuplet cluster has to be readdressed in this context.
The spectral atlas of the catalog is only available as Online Material. It comprises for each detected source the fluxcalibrated K-band spectrum in the wavelength range from 1.95 to 2.45 µm. The spectra are binned to 4 Å . Some spectra suffer from atmospheric OH emission lines. 
